The coherently radiating periodic structures (CORPS) uses the existing mutual coupling between the elements of an array to spread horizontally and coherently (in-phase) the complex amplitudes of each active element of the array. Despite the elements ofthe array were not too directive, the corporative behavior of all them, radiating coherently the same information, provides high directive beams arising from each array element, being possible narrow distances between beams.
Introduction
The Coherently Radiating Periodic Structures (CORPS) consists in using the same type and size of radiating elements used in the original array to define a periodic structure surrounding all the radiating elements (figure 1).
To complete the definition of being a CORPS, the coherency in the mutual coupling must be introduced, so the period or lattice of the whole new structure should be tuned to be exactly an effective wavelength of the coupling mechanism between elements. This will help us to isolate two active elements of the original array since a stop-band filter is defined with the periodic structure. The first effect of this filter is to retain the power under the active elements (figure 2). The lattice of active elements remains at the same distance, d.
Depending of the type of coupling mechanism and the kind of radiating elements [1 ,2] , some coverage area will be defined surrounding every active element (originally fed). Thus, the residual power coupled to the passive elements will be re-radiated by them, since they are tuned to resonate at the same frequency; but at the same time, the radiating 0-7803-8883-6/05/$20.00 ©2005 IEEE power is added in-phase, since the coherency in the coupling mechanism has been fixed in the definition ofthe lattice ofthe periodic structure.
The immediate consequence is an increase of the radiating effective area of each active element, since the passive elements surrounding it will radiate coherently.
In a practical implementation, the designer could choose to keep the same number of active elements of the array, selecting the dielectric material that allows either the insertion of a desired number of passive elements in between two actives. Other possibility is the reduction of the number of active elements, keeping the overall number of elements but now with some of them being passive and horizontally coupled by the remaining active elements.
For example, in the first case, if we have a classical array with a distance between active elements of 2/3 AO, with a dielectric with a permittivity of 9 we would be able to include a passive element between two active elements and achieve coherent coupling between all the elements, since =ecc 1/3 X4.
The designer could also choose to reduce the number of active elements, reducing at the same time the complexity of the required feeding network, with the penalty of having a reduction in the total power effectively radiated by the structures since the number of input ports is reduced (figure 3).
Ideal horizontal coupling mechanism
As it was established above, the CORPS separates each element of the structure a full effective wavelength. By establishing exactly this distance between elements, a stop-band filter is defined, so no additional problems with the substrate wave modes could be expected since they will be under cut-off conditions. Nevertheless, some residual power will arrive to the neighbouring elements of each active antenna.
For instance, in a rectangular lattice, by leaving a passive element between two active elements, a chess-board-like lattice is defined; where the white spots could be passive elements and the black spot the active ones.
Ifwe were able to couple the half of the power to the neighbouring elements retaining the other half of the power in the active element, the sampled excitation (of an active antenna array) could be reproduced in the radiation layer but with double number of samples.
In this case, every active element is surrounded by four passive one, so every passive element will couple 1/8 of the power originally transferred to the active element. At the same time, every passive element is surrounded by four active elements, so all of them are coupling the same portion of power, obtaining in the end half of the power coupled to every element of the structure.
High resolution imaging systems
It we could reproduce this phenomena in different stacked layers, creating a 3D structure, figure 4, we would spread the information of each original active element in a wider area of the final radiating layer, getting various high-directivity beams very close to each other, improving substantially the resolution of imaging systems. In figure 5 , the upper view of the coupled elements after two layers of radiating elements properly matched are drawn, for a rectangular and a triangular lattice. With the triangular lattice, because all distances are equal, the number of coherently coupled elements is higher than with rectangular lattice. figure 6 but taking into account a square structure of 7x7 elements. At the other side the re-radiated power was calculated.
The resulting far field pattem (figure 7) shows that the structure reproduces again very accurately the far field pattern of the original dipole. The ripple is due to the limited size of the analyzed structure. It is important to notice thiat the structure, as it is represented in figure 6 , is rotated 90 degrees and the radiation of the dipole excites the patches of one face (left) of the structure, and the power passes through the structure re-constructing at the other side (right) the saine field distribution without losing any power.
The coupling mechanism described above ensures that each input patch (over the left face of the structure where the dipole is placed) will couple c-oherently at least three slots, and these three slots couple five radiating patches, being all of them radiating in phase the complex amnplitude coupled to the first patch by the exciting dipole.
Conclusions
A very prom-ising technology is arising making possible the high resolution imaging systems since it has been demonstrated the possibility to obtain high directive beams quite close to each other.
